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flu 12^ i ZLmmtmtzm 2 iti^raw, h&sb& 2 ffc^»3M*#* 



tblE#2 003-3075542 



ijflf 2002-339699 



^-v: 2/ 



fit, 

it&to^mftmtA i x Gai_ x N (o<x<d tu ayn2i2ft^fi 

f I£lt7 , 7 C i ^ x 7 f > ^11: I C P-R I Elgg^ffi^Ttf -? - 

mriEa*-/^ X7 iiuxyf y yfmtfc, ix y ^ > v^Mm^it^^ 
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Htt^fc#!»^*fMi \z «fc £ ^t- ng^fiti^tS frfc 2 ( 2 

D E G) fcfljffl LtzM^^feWlfe h 7>vX ? (High Electron Mobility Trans i 
stor: H EMT J^T\ HEMTt^t^o tlX \/>& 0 -OiilT-Sl 
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lift, ?um%^con&tir;u xizmmztir^^o twiz^ z<duem 

THt, G aNf ;H§ <h n M A 1 x G a i_ x N (0<x<l) mT-#W£/l t 
(D^y-u^^^x.^m.itif''} f7 A (GaN) ^HEMT U*)f^L<(i, Ga 
N/AlGaNlHEMT) ^^HTV^o aN^HEMTIi, i^W 

ft mmn zmw-rz^tfrh m.fem&& ^ kit t> ti x v ^ 0 

[0 0 0 3] 

i*<7)ti7 7Xvi:J;^G a N|f^Plftl©IilIi:oi>t 
, J^TOio^^W^'btLTV^ (#!)x.(i\ l»itl#l 0 ) o 
[0 0 0 4] 

iW^ill <?)fBfcKJ:*Ui\ Al/SiNx/n-GaN (HU xli 
nlG a N^B^^LTTK^^^X-^^^v^iM^y^X-rMa^tToT. M I 
[0 0 0 5] 

-<7)7K*^>^.^(±a^y9X-7^3lHtr(7) nIG a Ni^ilCli, Slf^FL^ 
[0 0 0 6] 

■9 zmmmu* mm ? ttiv ~g jb 3£tt ^ * - tt>^-$ nx % - 

[0 0 0 7] 
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[0 0 0 8] 

nSG a N/nlA 1 G a Nffi §f#^<7> n Si A 1 G a Nf<7)il±t:y- hm 

1? u x. (f m 8 £ #bs l rmr n^-r ^ <t -? &xfg-effM $ n & 0 

[0 0 0 9] 

M (FUxJif, *7r^7i| 1 2 ) G a N/^-y 7ril6, GaNf 

t7WH2 0, iH^tfMt^anlA 1 GaNiTMi2 2, #5 2 
fb^^-JW-C** nIGaNi24 L, 2DEG2 3^GaNf 

t^^i2 0<7)^®K #4 0 £ffiit1-&o ft> I«l 2, GaN 

My 7t| 1 6 WG a N-f-^^wi/ii 2 0 (i. T«l 2 1 «LTi/^ 0 £ /c, 

ni^.^2fb^4 i «#*2 2W2 4 it, m mwKnit&yo^mfcm 2 5^ 

ILtv^o fJtUn * hi^^nlGaNi2 4±tCV-xmM 

2 6S.^KP^ >m@2 8 ^^I^LTtfia^ffM-r^ (tU8 (A) ) o 

[0 0 10] 

nlGaN|2 4 «B£0llx.tf I CP-R I E (Inductively coupled plas 
ma-react ive ion etching) <£> K 7 4 J- y *f- > V (x^f > tfJf^Wt, Wilf 

cim^, Bci 3 *fflv>^) Ccto^L, r- vmm3 8 £}fmi-£ 

7^*t>tc nlA 1 G a N«^«H 2 2 O^M£fSmi-& <h PIBf rr y *? ? hM 

3 2 ^Mtl. (EI8 (B) ) o T--)V$m&, M £ti Ltz nl A l G a NtT 

#feS 2 2^ ow® £ - f rmiar n t -cffML-c * e m t- 5-0 - 

tmbtiZ (0 8 (C) ) o 
[0011] 

urnm^ (v) Rx/mmammmm (A/ cm 2) ^ltv^ 0 i-v#ttii 
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aNiICF7^X7f>^ (0iJi(fICP-RIE) K J: %> V* - Ctz 
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[0 0 13] 

Bfc*, * & v Mi r - y<^i« £ 111 * * <D mmWkm^m^tb hfiX^tz 0 
[0 0 14] 
[SMS £ **-t * tb(D^m 

r*-^<Dm£^m~^^X$&Mffl3ZZft^fztZ%^ nIA 1 G aNfOSI 
^11^7X7 £ <fc J. y > ^MSi"tL(i^V> ISfra tC31 L fc„ 

[00.15] 

o^® izftc tzmmmuz x&yt-pz^ mmmm «t l xm 
my°9X-r^m^^fzJ~y^-yvmm^nd ztizx *k ^i^Bomm^Ei^- 

[0 0 16] 

it&w^mfom <7)mMzmmz-&2> x.nxm 1 it&m^mwm <omm± iz&ttz 
mmmuz x & r * - v £ , iiy7X7^iw/;x7f>^iii:j; ^om^-t 
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{b£>«^3|#B ^IM^ ^K7^x 7 f>yHJ:i)iiL -cm f en 1 ffc£-ti# 
Wii^t^iil^ff net, II i fb^fiftioiffi $ ii/;if t 

[0 0 2 0] 

-r\t^m^mwm^mm\z^-t^mm^i iz± &y * --^ £i&*&£wi$2M 

[0 0 2 1 ] 
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[i&wo^it^^Sg] 
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<^ 1 <DmifcWM> 
j&^ii: (MocvDvi) zm^xn^ z t ti-& 0 ttz, mss- ziiimwMt 

Lxitr^^^m^m^mt-r^^m^mit^x^^ n; *^)virv7A ( 

Ga (CH3) 3) . h'J^f^7;^-^A (Al (CH 3 ) 3) RZfV 
Mitmt LXIZT>*-T (NH 3 ) ^fflv^ 0 iTt, ^Jf^Mil^-^PII 

[0 0 2 4] 

mi Rvm 2 *m$xxwmirz> 0 z-z ximm± t xc m^-v-? r 

4 T (A I2O3) *fK£fflV>& 0 t77^7l«l 2±H, MOCVDfeCl 0 

, 4 0 ou^ 6 0 ot:oiEH[*iosjs ^«^T a t:^t 

£0 ) X^mlM (7^;V7tX) »GaNil4 (ffi^777|) 00 
x.«\ 1 0 nmfrh 5 0 n mCD$£Brt<7)§|/y-e^M£±p:tB KB$LlrZ> (Ell (A 

) ) o 

[0 0 2 5] 

*<T>%.^ t7r^f7lf 1 2 ^!lx.(i 9 5 0 8 C^fb 1 1 5 0 X,<r>mMfa<0\& 
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ffl, R&#*KJ:&gM|gG aN| 1 4 y ^ > ^*^> [WIB#H^f i"^>^\ ft** 
4ft«035StajS0ii^:tcJ:o-C3&E^M-ttwG aN/<7 7ril 6 £— ^cffM 

^GaNll 4 T&sSi^aai-eab* GaN^'7 7 7ll 6 K^Ki-^H^T* 
0 , j£SiSj£T i°C i -CO#Sig@OP^ CGa N® 1 4 75 ? RS**X Cio 

Txyf> $ KESSi"* P#Pb1I*I t 4 ^ «fc 9 tcK^-T *'^5?* f * * o 
[0 0 2 7] 

1^IJx.{i\ T a = 5 0 0°CH:fcl>T# H B B «G a Nl 14^20 nm<7)Jll 
J¥-?JtM*3-£rt:&, f«lx.tf, Ti= 1 0 4 0°Ci-e(7)#^I®Hi3V^T^|^N H B H 
f GaNil 4^Ga N/*y 7t|16 K&S? KfcJ^ #fil$|ffl<Ofl:jg 

fi^'';7 7i«ii (GaN^AlN) , it«B#<7)^X®, ^SEfi, A 

[^"MO C V DttOfti^ ti:Mt^.o dtKiaSTirt Ltli, 

L< H9 5 OVfrb 1 1 5 0 < C^f£Hl*l<aSJ£T*3>iK J:t)ffiL<lil000 

1 1 0 0 o C<7)$BHl*]O^Si:-r^<7)^v^ o .1 K «fc *K 

l§B B H 14^Wi-^>G a N^-y 7 rJf 1 6 Z ttfx£ h Q 

[0 0 2 8] = 

«gv*T, Ti°Clzmm&. GaN^7 7rll6±C, Jfcft&fc 
«fc J), ^-^oflfafirjKfcfc&J:-? }:G aN«l 8 *^jS"t* (01 (B) ) 

o 

[0 0 2 9] 

v>0|g H H H @£(^t4^^tlTn^#moG a N|g H H B tJ#^^R$-^^>o ^0^* 
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irt^^^PiH<7>^^v^^^^.|S 0 B H T^-i> (T > K-7") G a N*-* 2 0 £ 

, CTx.»f, 2 0 0 0 nm^«b 5 0 0 0 n mOi&Hfi<algI?T-ff2j£^4 C b tfX* # 
* (IH1 (C) ) o ft> ^PiH^&^&£?&#S B e H t££W1-&G a N^--v*;Wi 2 
0 £f#&/c*!>K*>, ^f£G a Nfr^frm 2 0<DJHJ¥£ 1 0 0 nm^±i:tl.O 

2 1 £#j&-t& 0 

[0 0 3 0] 

lfev»t\ ^ftSJSTfCTtcioV^T, GaNf t^iV12 0±t:Alo.2Ga 0 . 
8NtTMi2 2^itt^^ «1--C(±, nWftT*^^r^t (Si) 
£5X10 18c m-3i^pL^^6$S B B B )^M$-^T, mW-tf 1 0 nm^<b 2 0 nm 
<7>$gHl*J-C&& nlA 1 0.2G ao.8N«^#&JB 2 2 ^fMt^.„ IWnlA 1 
0.2G a 0 .8N«^i#&12 2^\ HHb^*#iCffi^t4o G 
a N^^^^g 20i nlA 1 0.2G ao.8 N ^^g 2 2 <b<7)#ffiHfi, 
K^y-/«iH2DEG (2^7C«^^^) 2 3iW$*i5 (HI 1 (D) 
) o A lo.2Gao.sNl2 2^ H H H M^mi> GaNf2 0^^ft 

[0 0 3 1] 

&o nI^«» , e*S^>f*«'5Xl 0l8cm-3&L^7&^|g H H H )^« 

^TnlG aN!24^10 nm^«b 2 0 nmWilrtOift-nlA 1 0 .2 
G a67 8 NW«-/f ~2 2IiriILTrfft1'0tlfS 112 (A) ) 0 - 
OnIGaNl2 4#, ^ 2 lb-8-«##JlKffl^-r£ 0 ft. nIGaNf2 4 
«$n^f|, iInIGaNl2 4il^ti±, nIG a Nf 2 4 
^IfSO f lW^i^ntl>-i»o ft, ilMl2jtmf#l2 2S 
tf2 4 it, »lS^*^*#i2 5*MLtv^ 0 
[0 0 3 2] 

:©8II^4 0 00*. 1*2 0°C^«b 1 0 0°C<7)$£Hl*JoSJt (J»> £OjS 
S£T 2 0 C^1-&) Zl?%!M1r& 0 ^<7)T 2 V(Di^mmmit. <j£-f L£ 2 0°C^ 
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1 o o°c<DmM^\<Di^.mzm^fi-r^ mmw* oii^niG aNi2 4<^ 

ik^£.L&^Umt Lt, nIG aN|2 4 Oll/f ^T^tbijIgnMG a Nil 
[0 0 3 3] 

llSO f |2±iilMlgat, |2^!|Wit$.>6nlG 
aN|2 4±^Sv^c^g|^r^ Lfc, ft*. If, X h ytKOfjl 1 ( 

v-x«^) s^2±ts (Ki/^r>st) ^^^M-r^o -<7> 

®3 2 nSG aN!2 4 <^f £ ^ L T . (HI 2 (B) ) 0 

[0 0 3 4 J 

nIGaN!2 4 <0 -? ^Sv^c^Sg^^l-^ 2 ocofl^^ 

(Ti) , t^^-^a (ad atr^ (au) zm.>XMMLxmm&mmzft?> 

fe-tZ (m^-fa ) o X t)WL < (i, Lt, >w)jilJ?£- 1 5 n rru 

T)l<-^l»<7)mm* 2 0 0 nml^<OlI^6 00nm<h&£J:^ H-eft-T 

G a Nl 2 4±UffJi#«Ji^&&p7r7Ei|'SOX h 7 4 7°tk<D V - X mm 2 6%. 

[0 0 3 5] 

V-^I|2 6 t KW >m^2 8 t<Dffl<D^ i2j^tl i l i ##:l2 4 
olMit^^^TfiJ<7)^ 1 it^^-mim 2 2tim&irz>£7 iZ3-y-f-yy-fz> 0 
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[0 0 3 6] 

T K7^i7f>^^lTotnlA 1 0 .2G a 0 .8NKT-4ft^2 2«I*i 
[0 0 3 7] 

0lx.«T, Jt^iMtf^-^x.^ ^ - v?vh£^ifiSf (CI 2) ^iaft*^* 
(BC 1 3 ) ^*i-y^>^^x<hi-^ii2g|g^y7X-TECL.t4^^>^^^> 
^* (I CP- R IE) ZmmtX, Ifif iT^-nlG a Nf 2 4 ^iitl»o 
[0 0 3 8] 

c\ZVli, J-v^-> W*mt LT, BC 1 3^fflv^fc I CP-R I E^tfo 
TnlGaNi2 4 <^5HIit«3r Lt, nIA 1 0.2G a 0 . 8N«T"#t|^ 2 
2M£fS£B£-££ £ «h S#t5nlGaNS2 4 (Dffl&Mft"? ^ > 9 ? 

M32 St^jS-TA (H2 (C) ) 0 
[0 0 3 9] 

CWniG aN|24 dtt^i7f>yii, t^^f * n h > Rjfrtt -f * > 
z-yf-yy (ECR) ^ K7>fxyf >/«rlv»tiiiIfi6tab-6o 
[0 0 4 0] 

Jg-e, 2 0~8 0#H> mftZtifzmmmm*ii1r2> nIA l 0.2G ao.sNWi 1 
MIR* 2 2 l^nr^^/P^iitSo r*CKJr*K J&mLfcnMA l 0.2G ao 
.8Nlfftl&12 2^MK®*L£^&iy^>^:tfxtt<7)|&*£^ (EI 3 
(A) ) o 

[0 0 4 1 ] 

n MA 1 0.2G a 0 .8NmT-«/l 2 2 O^ffitC^ $ tt&J- y *f- > $r 
#^flO#^£X$|^m : f5}*7frr£ (XPS ! x-ray photoelectron spectroscop 
y) ICfcoTiHSLfco XPSm ICP-RIE«f^iii:ftLJti:It) 

WXyf >^^I»t^ 0 C 1 (CI2+H2+CH4 
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) tebttC U BC 1 3*f*&£>(i\ BS^'C 1 Okf-^^XP SCio 

[0 0 4 2] 

04»:nIGaNi24«:ICP-RIE (i7f> B C 1 3) K 

i^'^f^U nIA I0.2G a 0 .8NmTWI&li2 2 Ofl® g|5»tB LT 

[0 0 4 31 

0 4I±XPS*^* h;V<0ffl5Eia-C*»K «HtCfe^i^^^- (eV) Stf 
[0 0 4 4] 

EUfO (A) t?^-ra!l5e^7 7l±, ICP-RIEftlf^tOnlGaN 

#^<7)*^H 0 -^{i#^ELTv^v^ 0 (B) -C7jrt^-7(i, ICP-RIE£ 
nIGa Nl 2 4 <7)|tJ— ^O 1 <0M/¥ £ "Cff o tzV$£<D nlG a Nl 2 4^ffi<7> 
Y)VX*$>h 0 (A) w^^^ h/i'-C{i#4L^^o^, C102pftjtic 
fif^*^- 1 9 9 e Vffrj£Ofcf-*j6 s , (±0 § OiltLTV^o io 
t, I CP-R I EtC«t*i-y^>^cp(C, nIGaN§2 4<7)iW:x7f> 

^**xffi^gp$nrv^,r t* c *?^*o (O «±, iCP-RiEi:±f)ni 

GaNl2 4»*£*i, ^CnlA 1 0 . 2& a 0. S^^m^m 2 2^M^H 
*L/:^,WnIA 1 GaNillWX^? FK*^ 0 (B) <D 

7,s<>7 h)i<tmm^ 1 9 9 e v#jswc 1 fi^e-^^iio § imti-c^&o 

iot, mm L/:nIA II 2G a o^Nli^f 1^1 2 2 W: (ir^ '/f > 
^Wt^titv^;t^^^ o (D) H\ ICP-RIEi:J;f)nIA 
1 G a N«iI«:Sai$^t(:7--^I*ffot*tWnlA 1 0.2^ a 0 
.8N«T-#^2 2^ffiO*^* hK^^ 0 (B) W (C) <D*s<? h ;h: 
^ffiL/c 1 9 9 e VftifiOC 1 Ot-^^ML, (A) t^7^fX^ 

feitaot, niA I0.2G a 0 .8Nm?-tt^2 2 ^® LT^fcx y 
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[0 0 4 5] 

I CP- I RE (^y^->^**^®{i, BCI3) ^i^:F7^7 
f>^CJ:otiaJL/:nlA 1 0.2G ao.8N«iM£*&® 2 2 O^Mff £jf>:f. 
f^lfti (Atomic Force Microscope! AFM AFMtf«t^o ) tCfc 

[0 0 4 6] 

0 5(i, RHJLfcnSA 1 0.2G a 0 .8N«iH£*&S 22<7)H, fill 1 ^ mS^ 
$11 ^m|Zg^cO0JtlC^LT^4 (M&mm I mi. 0Hz) fcfTofc^OA 
FMiBUre**o H«fo'(a) T^i-fi-fe^it^^B (AFMfiSfl-fcOSttli 
) tLt, (c) t:-^-rMfefIM(±*m®^^^5 nm«i$^tta[!!]tli| 
t?ab4o (b) T-^-*-J!*fe3I*£f±, Hfefltt (c) £t)i>m*mz «5 

nm) <^C3^^i^-e**o 
[0 0 4 7] 

115 (A) fi> I CP- I RE B C 1 3) 

7>fxyf >^ItOAFMllfr-*4o dOHf^twi-S t % g^ 5 5nmJiT 
Ofcf y h SUraS #0. 4nm-0. 5 nmO^f y/^l?)^^ <1x.lfl 

[0 0 4 8] 

El 5 (B) f±, T--)VmUxfrh 5^mcOAFM®ft-e^«9, El 5 (A) 

p -r 1 e * ~m ^fEY? > ra -5 ycj; ; mmtt&tzum f 

^-ylH^")) o :w/^-y|«l»otv^:ti:J; «9 , 0 5 ( 
B) <7><fc 0 fc^9!l!gf&Iif&i::fc& t#X_£>*L& 0 
[0 0 4 9] 

H5 (C) li, 7--A'M$&j&>fc 2 O^OAFMBft-e^f) , El 5 (B) "C 
#£LTv>fc^-y*fi£TItt*Lrt:fc*> 05 (A) t|B|»oW«f4Bflli: 
fltltv^o e y h&c^iry yo^flti, 05 (A) (impure-, 
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nmlT^t' y YRtfMZtfO. 4nm-0. 5 nmWXf 77WlEUv^ 

M^^StBL/jnMA 1 0 2 G a 0 .8Nm : ?-«ll2 2 O^Bf#jt(±, ¥±I&fE 
T * & £ £ a* fc> frh o 
[0 0 5 0] 

:tlf>XP SX^AFMOiHSift**^, nf A 1 0.2G ao.gNt^ttl&i 2 
2 \z W.^ Ltv»/;X7f ^^^iS^^-yfli, r--;^I{:J:o 

[0 0 5 1 ] 

;o7--^It<7)nlA 1 0 .2G a 0 .8Nl»|2 2^M±tc 
(Ni) 5:If$«ii:tai)Ml, 'J-txl 
HEMT 5 0 MU^f:„ LJ&»Lfcj&*<b, CO J: -7 \z LXMf&Ltz7- YM 
M<7> I -V#14(i, v3 7hJrfttt»(i^<, [lI9H^L7t:ct-7^^-^ y 

[0 0 5 2] 

FIZZ nIA 1 0.2G a 0 .8NtT-«l2 2 ^ffi^iltl« 0 
[0 0 5 3] 

jyfctfjUii, mihLtznmA 1 0.2G a 0 .8N«T#t|^2 2^M±tc, 4? 4 < 

lit^Mi ^O^ s fe"t"tK(«^ (0 3" (B) T o" - 
[0 0 5 4] 

z.<nvV7. h/^-y^v^j' t Lr, icp-ri Eilia-sti^x 

mi, $lxJi\ SfStit* : 1 0 s c cm, Mi^^X-rM^OJE^ : 2. 5m 
T o r r , 3kKiSJ&4 0°C. ICPffi^: 5 0W, RFI^J I 3 0W, DC^U 
rx : ms 0 V, : 3 0#T^f do -<7)^S^{±> iiffliDnlA 1 

0. 2 G a 0. 8N*iH&!£1 2 2 76 s . 1 jl- <y h -tr;v*f Jt-*. -y -f- > ^* $ «t 9 KB* 
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